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In this contribution, experimental results on the fabrication and magnetic characterization of a 
novel type vertical Fe/GaAs(100)/Fe spin-valve (SV ) spintronic device are presented. An array 
of techniques has been developed by combining use of ex-situ chemical and selective etching of 
GaAs/AIGaAs/n-GaAs epilayers and ultrahigh vacuum deposition of Fe by molecular beam 
epitaxy (MBE). The thinnest achievable GaAs membrane by these sequences can be as thin as 50 
nm. 
The GaAs( 1 00) wafers used in this study consist of epilayers of Alo.7Gao.3As and GaAs with 
the following structure: As-cap/GaAs(50 nm, n-doped)/Alo.7Gao.3As(500 nm, undoped)/500 flm 
thick semi-insulating GaAs(100). The sample was mounted upside down on Si by photoresist 
and thinned down to about 100 flm using H2S04-based etchant. Optical lithography was 
performed on the thinned samples from the backside to prepare 100 flm square mesa. Selective 
chemical etching was done through the mesa using a mixture of NH40H and H202, which 
selectively etches GaAs and stops on the AIGaAs epilayer. The etch-stop layer was further 
removed by diluted HF. The samples were then detached from the Si and cleaned in Acetone and 
IPA thoroughly prior loading into an UHV-MBE chamber with a base pressure of 2 x 10-10 mbar. 
While in the chamber, the etched membrane surface was sputter-cleaned by low energy Ar+ ion 
at room temperature (RT) , followed by annealing at 500aC for 1 h. Subsequent growth of Fe 
films (10 and 150 ML) bye-beam evaporation was done at a chamber pressure lower than 1 x 
10-9 mbar at RT through a shallow mask. Both Fe layers were capped with 20 ML of Cr to avoid 
oxidation in the ex-situ analysis. The Fe films were characterized by a focused-magneto-optical 
Kerr effect (MOKE) magnetometer, which is capable of probing locally the magnetic signal from 
the membranes using a focused laser spot as small as a micrometer diameter. 
RT longitudinal magnetic hysteresis loops of the 10 and 150 ML Fe electrodes in Fig. 1 show 
high squareness with shape magnetization switching of these magnetic films indicating that high 
quality Fe films have been successfully grown and stabilized on the thin etched GaAs membrane. 
The measurements taken at different applied field azimuths with respect to the four major axes of 
the GaAs(100) membrane also suggest distinctly different coercive fields of the Fe films which 
are essential for an operating SV device. The magnetization switching behavior of the 150 ML 
Fe is in contrast to the fourfold cubic magnetocrystalline magnetic anisotropy of bcc Fe with 
easy axis along <001> of GaAs at such thickness regime. Another interesting observation is the 
existence of a double jump in the hysteresis along the [0-11] direction. The loops of the 10 ML 
Fe show deviations from the expected ones as well, presumably a predominant uniaxial 
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anisotropy with an easy axis along the [011] direction. 
In order to determine the origin of the unexpected magnetic properties of the magnetic 
electrodes, we have attempted to take into account the stress/strain effect in the 150 ML Fe film by 
numerical fits considering the total free energy density including the cubic magneto crystalline 
anisotropy of the Fe film, the uniaxial strain anisotropy due to residual strain and the Zeeman 
energy. The results indicate the importance of the strain effect which cannot be ignored as one of 
the origins of the observed Fe-on-GaAs-membrane magnetic properties. More details will be given 
in the full manuscript. 
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Fig.l RT longitudinal magnetic hysteresis loops of (a) 150 and (b) 10 ML Fe along different applied field azimuths 
with respect to the four major crystallographic axes of the GaAs(100). 
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